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1. Introduction
  Culex pipien (Cx. pipiens) Linnaeus shows a wide 
morphological and biological variation[1]. There are some 
members of the complex with the same morphological 
form and different variations in physiology and behavior. 
There are more than 75 binomial names due to the 
complexity synonym[2]. Cx. pipiens, Culex quinquefasciatus 
(Cx. quinquefasciatus) and Cx. pipiens form molestus 
are the most common members of this complex[3]. The 
concept of classical complex has been reported for the 
geographical populations, therefore Cx. pipiens and Cx. 
quinquefasciatus infecte simple geographical population 
which has a great distribution[4]. The variation among the 
characters of the Cx. pipiens complex are not independent 
species[5]. The subspecies, variety and form among the 
members of this complex should be considered as intra 
species[6]. It is reported Cx. pipiens has wide distribution 
from Europe, Asia, Africa, America, and South Australia. 
Cx. quinquifasciatus was found overlap with Cx. pipiens in 
tropical areas[7]. Hybrid forms were reported in some parts 
of Russia, Australia, Africa, north and South America[8]. 
Bourguet stated Cx. pipiens form molestus was found 
in temperate climates while Cx. quinquefasciatus was 
considered as cosmotropical species. Azari-Hamidian 
was reported Cx. quinquefasciatus, Cx. pipiens and its 
form molestus from different part of Iran[8,9]. In addition, 
Zaim reported the Cx. pipiens (including form molestus) 
had a wide distribution in most areas of Iran and Cx. 
quinquefasciatus was recorded in seven southern Provinces 
of the country[10].
  Generally, the members of this species complex are very 
important in medical and veterinary. Cx. pipiens has the 
major role in human nuisance due to biting. Wuchereria 
bancrofti and Brugia malayi transmitted by Cx. pipiens 
and distributed in tropical and subtropical areas of Africa, 
Asia, Australia, and Pacific Islands. In addition, arbovirus 
infection diseases are transmitted by Cx. pipiens such as 
West Nile fever, Sindbis, Japanese encephalitis, St Louise 
encephalitis, Western equine encephalitis, Rift Valley 
fever, Tahyna, and Oropouche. Plasmodium gallinaceum 
and Plasmodium relictum, causes of avian malaria are also 
transmitted by this species[6,11].
Objective: To determine the variations in morphological characters of Culex pipiens complex and 
identify the species complex. Methods: A study was carried out from April to October 2009 in 
Yazd Province, Iran. This study was performed in two randomly selected rural villages in Yazd 
County using different sampling methods such as larval collection, hand catch, pyrethrum space 
spray, light trap, and pit shelter collections. The data were analyzed using SPSS software Ver. 
16. ANOVA and Tukey's post-hoc test was used to compare the ratios of the samples. Results: 
The average of the DV/D ration was 0.090依0.007 and the range was 0-0.33. The average D/V ratio 
was 1.07依0.02, with maximum 1.6 and minimum 0.6. The costa and subcosta intersection were 
observed beyond the bifurcation of R2+3 in most of the specimens. The bifurcations of R2+3 and 
M1+3 veins were not on one direction in all samples. The range of the R-Cell/R2+3 ratio was 
2.42-7.91. The average ratio of cross wing was 2.25依0.04 with a range of 1.36-3.70. Conclusions: 
More populations of Culex pipiens from different areas of Iran need to be studied to gain complete 
information about the taxonomy and ecology of the species.
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  Cx. pipiens  is more adaptable to breeding places such as 
the pit containing high degree of waste water and cavity 
including dishes of fresh water. It is presented as the most 
common species in  the subgenus of Culex in south western 
Asia[14]. Some members of this complex have high tendency 
to feeding on avian blood. With increasing population 
and the abundance peak mosquito activity during the 
summer and autumn may have changed their blood activity 
preference based on the availability of mammal host. Cx. 
pipiens form molestus is separated from Cx. pipiens mainly 
by ecological and physiological characters. Larvae of this 
species have been found in underground habitat including 
the storage of water, septic tanks and sanitary space. The 
females are matured from underground and covered water 
habitats. They are mature and have first ovipositor without 
blood feeding. They are capable of mating in the small 
space and overwintering without hibernation. Cx. pipiens 
larval habitat is open space accumulated with artificial 
water. The species emerge from above ground larval 
habitats. They need blood feeding for first oviposition, 
eurygamy, have hibernation and tendency to avian blood 
meal[7, 15]. These characters may be effective in the virus 
transmission. Therefore, these characters of the population 
in the field are important[16].  Also, because of differences in 
vectorial capacity among members of this complex, correct 
identification of each taxon is also important[17]. 
  The main morphological difference between Cx. 
quinquefasciatus and Cx.pipiens are DV/D ratio of male 
genitalia[18].  In male Cx. pipiens, the diagnostic value is the 
shape of the dorsal and ventral phalosome arms and their 
common disposition, the later known as the DV/D ratio[19]. 
The DV/D ratio is the distance between the apices of the 
ventral arm of the inner division of the lateral plate and the 
dorsal arm of the outer division on one side. The DV is the 
distance between the apices of the dorsal arms of the outer 
divisions (D), measured from the dorsal aspect[20]. D is the 
distance between the apices of the dorsal phallosome arms 
and V is the distance between the apices of the ventral arm 
of dorsal[7]. 
  Harbach in 1985 reported difference of wing venation 
between Cx. pipiens and Cx. quinquifasciatus. He mentioned, 
subcosta intersects costa at or beyond level of furcation 
of R2+3 was considered as Cx. pipiens, while  for Cx. 
quinquifasciatus  subcosta intersects costa  before level of 
furcation of R2+3[21].  In addition, cell R2 was reported more 
than 4.0 length of R2+3 for Cx. pipiens and less than 4.0 for 
Culex torrentium (Cx. torrentium)[21].  Cx. torrentium shows 
close relationship to the members of Cx. pipiens complex 
based on morphological characters, even some researchers 
proposed it as a member of Cx. pipiens complex[6,17]. 
Harbach (1988) classified Cx. torrentium with Cx. vagans in 
the Trifilatus subgroup of the Pipiens group. This species 
with Cx. pipiens complex is sympatric in Europe and some 
areas of Asia including Iran[22]. 
  Cx. pipiens has great morphological variations in all life 
stages and it is not easy to separate this species from Cx. 
quinquefasciatus and Cx. torrentium. Males of this species 
are distinguishable from the mentioned species by the male 
genitalia characters. Cx. quinquefasciatus and Cx. pipiens are 
sympatric in some regions[23].  This causes the intermediate 
hybrids in such areas. Hybrids are more variable than their 
parents in morphological characters. The male genitalia 
are only reliable character to separate the hybrids from 
their parents and the shape of arms of dorsal and ventral 
phalosome has been reported as diagnostic character to 
identify the intermediate forms of Cx. pipiens and Cx. 
quinquefasciatus[12]. Ability and capacity of these species in 
mating are not considerable, so there is not enough evidence 
to consider them as the same species[12]. 
  Since different morphological and biological variations 
and seasonal activities of Cx. pipiens complex can be found 
in local populations and these characters vary in different 
geographical localities, each study obtaining more accurate 
data of these variations may provide more reasonable 
discussion about the applied taxonomic issue. It is evident 
that the final decision about the taxonomic status needs 
more information which should be obtained from different 
aspects of the complex populations. 
2. Materials and methods 
2.1. Study area 
  A study was carried out from April to October 2009 in 
Yazd Province. This study was performed in Zarch and 
Shahediyeh, two randomly selected urban area in Yazd 
County (54°04’N131°59’E). The Province is bounded by 
Isfahan Province in the west, South Khorasan Province in 
the east, Kerman and Fars Provinces in the south, Razavi 
Khorasan and Seman Provinces in the north (Figure 
1). In 2009 the maximum and minimum mean monthly 
temperatures were 41曟 in July and -4.4 曟 in January, 
respectively. The total annual rainfall was 62 mm, the 
minimum 0.3 mm in May and maximum 18 mm in March. 
The mean annual relative humidity was 37%. The main 
occupation is agriculture and husbandry of cow and goats. 
Based on the available epidemiological data from Yazd 
Health Center, there are no villages under the entomological 
survey. Based on the aforementioned data, two rural areas 
with 889 houses and 24 358 populations were selected.
Figure 1. Map Yazd County situated in the center of Yazd Province, 
Iran.
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2.2. Mosquito sampling and morphological studies
  In the present study two cities, Shahediyeh and Zarch, 
were selected and sampling were carried out in selected 
larval habitats and adult mosquito resting places. Different 
sampling methods were used for larval and adult collection 
such as larval collection, pyrethrum space spray collection, 
hand catch, light trap collection, and pit shelter collection.
  The mosquito adults were collected using suction tubes 
which were subsequently plugged with cotton wool and 
labeled according to time and locality. The samples 
were mounted by specific pin and labeled. The adults 
were separately transported to the laboratory of Medical 
Entomology, School of Public Health, Tehran University 
of Medical Science, and identified using the keys of Zaim 
and Cranston 1986 [24]  and Azari-Hamidian and Harbach 
2009[25]. 
  In morphometric studies, the samples of Cx. pipiens 
were separated and sent to the Entomology Laboratory, 
Department of Entomology and Parasitology, School of 
Medical Sciences, Tarbiat Modarres University. Some parts 
of the body such as wings, maxillary palps, antenna and 
the proboscis were carefully separated and mounted using 
Canada balsam diluted with xylene. Male genitalia were 
prepared using the methods described by Barr 1957 and 
Jakob 1979[26,27]. Three caudal abdominal segment of male 
was removed, and then was placed in 10% KOH for 20 to 
30 minutes. They were washed with water and was placed 
in 96% ethanol  for dehydration, and were mounted using 
slide, cover slide and Puri medium. Diagnostic characters of 
adults were measured carefully using a microscope equipped 
with a glass lens dial. The data were recorded in specific 
forms according to sampling method, location, and time of 
collection.  The data were analyzed using SPSS software Ver 
16. The qualitative data were expressed as a percentage and 
quantitative data as well as mean with standard error were 
calculated. ANOVA, and Tukey’s post-hoc test was used to 
compare the variations of the samples in different months. 
The P-value under 0.05 was considered as significant.
3. Results
  The study of adult male mosquitoes was carried out on 
some characters in wings and male genitalia. The dorsal and 
ventral arms of male genitalia were measured. The DV/D ratio was 
0.090依0.007 in average and 0.00-0.33 in range. The highest 
prevalence was 95.4% with the range of 0.1-0.2 (Table 1). 
The average, maximum and minimum of D/V ratio were 1.07
依0.02, 0.6, 1.6, respectively. This ratio was highest within the 
range of 0.8-1.1 (Table 1).
  The results of this study on wing venation of female 
confirmed the present of Cx. pipiens. The ratio of length cell 
R2/R2+3 was 2.42-7.91 and averaged 4.17. This ratio was the 
highest as 81% in the range of 3-5 (Table 1). The average 
length of R2+3/M1+2 was 0.680依0.009.  The average ratio of 
the cross wing of the female mosquitoes was 2.25依0.04 with 
a range of 1.36-3.70. The intersection of subcosta and costa 
with bifurcation of R2+3 and bifurcation of two longitudinal 
veins of R2+3 and M1+3 was observed, which confirmed the 
existence of Cx. pipiens.
  In this study the wing venation of adult male mosquitoes 
was studied either. Costa and subcosta crossing was 
observed with bifurcation cross vein of R2+3. This crossing 
was before the bifurcation of R2+3 in 85% of the samples 
and direction in 15%. The bifurcation of R2+3 and M1+2 
were studied and showed the bifurcation of R2+3 were split 
in a direction in 35% of the samples, whereas before of 
bifurcation M1+2 in 65% of the samples. The intersection of 
two veins with bifurcation of R2+3 in 9 samples was observed 
and it was found there was no direction. In all of 85 samples, 
bifurcation of two longitudinal vein of R2+3 and M1+3 did 
not on one direction.
  The result also showed the D/V Ratio in October was 
significantly difference than other months (Table 2).
4. Discussion 
  Cx. pipiens complex is cosmopolitan. The distribution of the 
members of this complex in Iran is not completely known 
and a few studies have been performed in this field[9.10,22,25]. 
Table 1 
The range of the DV/D and D/V ratios of the male genitalia, and 
RCell/R2+3 ratios of wings in the females of Cx. pipiens (n,%).
Index Prevalence
DV/D Ratio < 0.1 64(58.7)
0.1-0.2 40(36.7)
0.2-0.3 4(3.7)
> 0.3 1(0.9)
D/V Ratio 0.6-0.8 14(12.8)
0.8-1.1 49(45.0)
1.1-1.4 31(28.4)
1.4-1.6 15(13.8)
RCell/R2+3 ratios < 3 3(3.5)
3-4 41(48.0)
4-5 28(33.0)
5-6 9(10.5)
6-7 3(3.5)
>7 1(1.5)
Table 2 
The variations of the D/V Ratio of the male genitalia of Cx. pipiens in 
different months.
Month n  D/V Ratio
May   0 -
Jun 10 0.80依0.10
Jul 48 1.03依0.03
Aug 26 1.05依0.04
Sep 11 1.00依0.10
Oct 14  1.37依0.06*
 * : P-value < 0.05.
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  The male genitalia is very important to differentiate Cx. 
pipiens from Cx. quinquefqsciatus and in intermediate 
populations in overlapping areas. Azari-Hamidian et al 
reported the presence of Cx. quinquefasciatus in the Iranian 
islands of the Persian Gulf by this character in 2010. 
Harbach reported the DV/D ratio more than 0.4 (0.56-1.89, 
mean 1.03) in Cx. quinquefasciatus and -0.14 to zero in 
Cx. pipiens in 1988[9,12]. The DV/D ratio was 0.09 in average 
and 0.00-0.33 in the range in our study which was limited 
to the range 0.0-0.2 in 95% samples, and confirmed the 
existence of Cx. pipiens. Dorsal arms of phalosoma were 
described as divergent, broad and nearly truncate at the 
apex by Harbach  which was also observed in most samples 
in the present study[12].  The dorsal arm was quite broad, 
truncate at the apex, and divergent as the base toward 
the end. The ventral arm was flat, and leaf shape. The D/
V ratio was 1.07 in average, 0.6-1.6 in range, and 0.80-
1.04 in 73% of the samples. This ratio reported less than 
0.3 in Cx. quinquefqsciatus and a range 0.4-0.9 in Cx. 
pipiens pallens, and the maximum 1.2 in Cx. pipiens form 
molestus[28]. Choochote reported the D/V ratio average 0.46 
for Cx. quinquefqsciatus in Thailand in 1987[29]. In parallel to 
the present research, Mohsen et al reported 0.337 for Culex 
quinquefqsciatus and 1.43 for Cx. pipiens form molestus in 
Iraq in 1995[30]. In this investigation the intersection of costa, 
subcosta with bifurcation of R2+3 was studied in 124 of male 
specimens and observed before the bifurcation of R2+3 
in 105 samples. Harbach mentioned this character in Cx. 
pipiens[12].  In the present study the bifurcation of R2+3 and 
M1+2 was studied and didn’t show any significant difference. 
Considering the features in the wings of male Cx. pipiens 
and overlapping positions of this species, these characters 
cannot be applied to identify the members of this complex. 
The male genitalia, especially the DV/D ratio, are the 
important character to diagnose the species complex, and 
also able to detect Cx. pipiens and Cx. quinquefasciatus. The 
male genitalia is the only reliable character to differentiate 
adult Cx. torrentium and Cx. pipiens.
  Vein venation is another main characters to distinuish 
adult females. In this study the Cell R2/R2+3 ratio was 
measured in 85 specimens and the average was 4.17 and 
2.42-7.91 in average, 81% of samples was if variation 3-5. 
The average ratio was 5.3, and a range 4.6-6 in Cx. pipiens 
in report of Harbach[12]. This ratio was used by Azari-
Hamidian and Harbach (2009) to differentiate Cx. pipiens 
from Cx. torrentium[25]. Thus the character was reported 
more than 4 in Cx. pipiens and less than 4 in Cx. torrentium. 
  The cross wing ratio was used for the first time by Jupp in 
1978 [23].  This ratio was reported in Cx. pipiens with a range 
1.4-5.0 and in Cx. quinquefqsciatus with range 0.7-1.3. In 
the present research, the ratio was 2.25 in average, 1.36-
3.7 in range, indicating the presence of Cx. pipiens in the 
studied area. Cross wing is one of the characters to separate 
Cx. pipiens from Cx. quinquefqsciatus. This study used the 
intersection of costa, subcosta and bifurcation of R2+3 veins, 
and showed the presence of Cx. pipiens with 90% probability 
among 75 sample. This ratio is important to differentiate Cx. 
pipiens and Cx. quinquefqsciatus[21]. The place of bifurcation 
of M1+2 and R2+3, was also innovative in this study. The 
bifurcation of R2+3 of all Cx. pipiens adults were before 
bifurcation of M1+2 from wing base. 
  Sanogo et al reported an increase in the DV/D value 
with temperature in Egypt in 2008[31]. Wilton et al in 1985 
mentioned that little variation occurred in mean values of the 
Cx. pipiens and Cx. quinquefqsciatus at either temperature 
under the condition laboratory[32]. He reported for hybrid 
forms of Cx. pipiens and Cx. quinquefqsciatus there was 
significantly different between decrease temperature and 
decrease of DV/D ratio.  
  In the present research, the comparison of the DV/D 
ratio in the samples collected in different months, did 
not show significant difference (P<0.05), whereas the D/V 
ratio was found different significantly in the late October 
in comparison to other months (P<0.05). It seems this 
difference is due to a sharp drop of temperature (about 7.5 
C) in October, and it still needs to be studied more in the 
future.
  According to the present study, some characters are 
overlap in Cx. pipiens and Cx. quinquefasciatus. Therefore, 
to identify the species all characters should be studied 
together. Based on our study, Cx. pipiens were found in 
Yazd area and in order to determine the distribution of the 
complex more study should be carried out in other parts of 
Iran.
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